
Nine centuries in a season
A spell of bad weather during June and July with wet

wickets staunched the flow of runs somewhat in
midsummer, when WG was forced to admit that he
"was master of the situation no longer."4 Nevertheless,
with blue skies and firmer wickets in August the runs
returned in abundance and he scored five more
centuries. At the end of the summer he had accumu-
lated 2346 runs with nine centuries, an astonishing
performance for a portly, middle aged general prac-
titioner whose career had been perceived by critics as
being on the wane at the beginning ofthe season.
These exploits had excited the imagination and

affection of all classes throughout England. To the
Victorian public Dr W G Grace was as easily recog-
nisable as the Queen or her prime ministers. For more
than 30 years he had been a giant towering over his

fellow sportsmen. The knighthood demanded by the
press did not materialise, but in more practical terms
a wave of testimonials throughout the country from
the Daily Telegraph, the Sportsman, the MCC, and
Gloucestershire County Cricket Club produced a
gratifying total of C9073 8s 6d. It was indeed a generous
gift for an amateur and allowed WG to return to his
doctoring and his winter quarters well satisfied with
the summer's work. In more ways than one 1895 had
been a golden summer for this eminent Victorian.
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Probability ofadverse events that have not yet occurred: a statistical
reminder

Ernst Eypasch, RolfLefering, C K Kum, Hans Troidl

The probability of adverse and undesirable events
during and after operations that have not yet
occurred in a finite number of patients (n) can be
estimated with Hanley's simple formula, which gives
the upper limit of the 95% confidence interval of the
probability of such an event: upper limit of 95%
confidence interval=maximum risk= 3/n (for n> 30).
Doctors and surgeons should keep this simple rule in
mind when complication rates ofzero are reported in
the literature and when they have not (yet) experi-
enced a disastrous complication in a procedure.

Just as aeroplanes should not crash, common bile ducts
should not be cut and iliac vessels not be punctured
during laparoscopic procedures. In reality, however,
these things do happen.' With the boom in endoscopic
surgery, surgeons are claiming to have zero mortality
or even zero morbidity in their series of operations. A
little reminder, not only for surgeons, may be
necessary. If a certain adverse event or complication
does not occur in a series, it does not mean that it will
never happen. Experience and Murphy's law teach us
that catastrophes do happen, and their probability can
in fact be calculated by a simple rule of thumb.

In 1983 Hanley, a Canadian statistician, published
the paper If nothing goes wrong is everything alright?
This paper deserves explanation and needs to be
highlighted to surgeons in particular. The paper
describes in detail the statistical implications if an
event of interest fails to occur in a finite number of
operations or subjects. Instead of assuming that a
technique is safe because of zero numerators, we
should look at confidence intervals between zero and
a certain upper limit. Hanley gives a simple rule,
which should be known by every practising surgeon,
to calculate the upper limit of a 95% confidence
interval.

Methods
THE FORMULA

Hanley wrote: "This rule of three states that if none
of n patients showed the event about which we are
concerned, we can be 95% confident that the chance of
this event is at most 3 in n (i.e. 3/n). In other words, the

upper 95% confidence limit of a 0/n rate is approxi-
mately 3/n."2 The calculations are based on the
following consideration. Given the risk of a certain
event, the probability of this event not occurring is
(1 -risk). The probability of this event not occurring in
n independent observations (patients or operations) is
then (1-risk)n. The higher the risk, the lower the
chance of not finding at least one occurrence of the
event. One can therefore determine the maximum risk
of an event, with a 5% error, that is compatible with n
observations ofnon-occurrence:

(1-maximum risk)n-0 05, equal to
1-maximum risk-n'y'0O , equal to
1--maximum risk=(0 05)51'.
For n > 30 this can be approximated by
1-maximum risk= 1 - (3/n), equal to
maximum risk- 3/n.
This formula closely fits the upper limit of the 95%

confidence interval.2 Even when n=20 the number
based on the rule of three does not differ substantially
from the exact value (15% v 14%2).

Upper limits of 95% confidence intervals for occurrence of immediate
intraoperative death from vascular injury in series of laparoscopic
appendicectomies and cholecystectomies

Upper limit of95%
No of No of deaths confidence interval

Study procedures due to injury (rule ofthree)

Laparoscopic appendicectomy
HebebrandetaaP 25 0 12/100
Attwood et aP 27 0 11/100
McAnenaetaP 29 0 10/100
Frazee et aP 38 0 8/100
Kumetae 57 0 5/100
Tate et at 70 0 4/100
Pier et aP 653 0 4/1000

Total 842 0 1/1000

Laparoscopic cholecystectomy
Peters et al'a 100 0 3/100
Troidl et aP' 400 0 8/1000
Cuschieri etaP 1236 0 2/1000
Southern Surgeons Club" 1518 0 2/1000
LarsonetaP4 1983 0 1/1000
Collet et a)2 2955 0 1/1000

Total 8192 0 3/10000
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EXAMPLE

The event that most worries endoscopic surgeons is
intraoperative vascular injury that leads to loss of a
limb or death. We selected well known international
reports of series of laparoscopic appendicectomies and
cholecystectomies from the literature.3'5 None of them
reported a major vascular injury with subsequent loss
of a limb or death. We applied Hanley's rule of three to
the data in the papers to calculate the upper limit of a
95% confidence interval for such an adverse event. The
table shows the results of these calculations.

Discussion
Several conclusions can be drawn from the table. It

is obvious that a small series of any procedure can say
hardly anything about the safety of the technique.
Even though a major vascular injury with subsequent
loss of a limb or death never occurred, the statistical
analysis shows that, depending on the study selected,
there was the threat that it might occur in four out of
every 1000 procedures or even 12 out of every 100.
This makes statements like "laparoscopic appendec-
tomy is the method of choice"3 premature or even
irresponsible ifthey are based on single studies.
The non-occurrence of an adverse event in a surgical

series does not mean that it cannot happen. It can, and
the true rate of occurrence can be estimated from its
95% confidence interval. It is a good estimate of the
worst case that is compatible with the observed data.
The smaller the sample, the wider the confidence
interval. This means that the upper limit of a confi-
dence interval from a small sample is greater than that
from a large sample, but this does not mean that the
true probability of an adverse event occurring is larger
in a small series.

Doctors and surgeons should keep this simple rule of
three in mind when complication rates of zero are
reported in the literature and when they have not (yet)
experienced a disastrous complication in a procedure.

1 Troidi H, Backer B, Langer B, Winkler-Wilfurth. Fehleranalyse-
Evaluierung und Verhutung von Komplikationen; ihre juristische
Implikation. Langenbecks Archive fir Chirurgie Supplement Kongressbericht.
Heidelberg: Springer Verlag, 1993:59-72.

2 Hanley JA, Uppman-Hand A. If nothing goes wrong, is everything alright?
JAMA 1983;259:1743-5.

3 Attwood SEA, Hill ADK, Murphy PG, Thornton J, Stephens RB. A
prospective randomised trial of laparoscopic versus open appendectomy.
Surgery 1992;112:497-501.

4 Kum CK, Ngoi SS, Goh PMY, Tekant Y, Isaac JR. Randomized controlled
trial comparing laparoscopic appendectomy to open appendectomy. Br J
Surg 1993;80:1599-600.

5 Hebebrand D, Troidl H, Spangenberger W, Neugebauer E, Schwalm T,
Gunther MW. Laparoscopic or conventional appendectomy? A prospective
randomised trial. Der Chirurg 1994;65: 112-20.

6 Frazee RC, Roberts JW, Symmonds RE, Snyder SK, Hendricks JC, Smith
RW, et al. A prospective randomised trial comparing open versus laparo-
scopic appendectomy. Ann Surg 1994;219:725-31.

7 Tate JJT, Dawson J, Chung SCS, Lau WY, U AKC. Laparoscopic versus
open appendectomy: prospective randomised trial. Lancet 1993;342:633-7.

8 McAnena OJ, Austin 0, Hederman WP, Gorey TF, Fitzpatrick J, O'Connell
PR. Laparoscopic versus open appendicectomy. Lancet 1991;338:693.

9 Pier A, Gotz F, Bacher C. Laparoscopic appendectomy in 625 cases: from
innovation to routine. SurgLaparosc Endosc 1991;1:8-13.

10 Peters JH, Ellison EC, Innes JT, Uss JL, Nichols KE, Lomano JM, et al.
Safety and efficacy of laparoscopic cholecystectomy. Ann Surg 1991;213:
3-12.

11 Troidl H, Spangenberger W, Langen R, Al-Jaziri A, Eypasch E, Neugebauer
E, et al. Laparoscopic cholecystectomy. Technical performance, safety, and
patient benefits. Endoscopgy 1992;24:252-61.

12 Collet D, Edye M, Perissat J. Conversions and complications of laparoscopic
cholecystectomy. Results of a survey conducted by the French Society of
Endoscopic Surgery and Interventional Radiology. Surg Endosc 1993;7:
334-8.

13 Cuschieri A, Dubois F, Mouiel J, Mouret P, Becker H, Buess G, et al. The
European experience with laparoscopic cholecystectomy. Am J7 Surg 1991;
161:385-7.

14 Larson GM, Vitale GC, Casey J, Evans JS, Gilliam G, Heuser L, et al.
Multipractice analysis of laparoscopic cholecystectomy in 1983 patients. Am
J Surg 1992;163:221-6.

15 The Southern Surgeons Club. A prospective analysis of 1518 laparoscopic
cholecystectomies. NEnglJ Med 1991;324:107 3-8.

(Accepted 15June 1995)

BMJ, LondonWClH 9JR
Douglas Carnall, editorial
registrar

BMY 1995;311:620-2

New broom at the top? An interview with Anders Milton, the
chairman ofthe World Medical Association's Council

Douglas Carnall

The week long annual assembly of the World Medical
Association opens in Bali next week. The WMA has been
through long years of internal conflict associated with the
continuing membership of the South African Medical
Association and wrangles over finance, and the question
that observers of the assembly must address is: has the
WAMA finally turned a corner, or are there still questions
over its relevance to ordinary doctors? Douglas Carnafl
talked to Anders Milton, the chairman of its council, about
the work ofthe WMA and his vision ofitsfuture.
Dr Milton was born and brought up in Sweden and

studied for a degree in economics before turning to
medicine. He was appointed to the staff of the University
Hospital at Uppsala as a nephrologist on completing his
PhD. Fouryears ago he gave up his clinical work to became
the fill time secretary general of the Swedish Medical
Association. He was elected chairman of the council of
the WMA in April ofthis year.

DC: Why do doctors need theWMA?
AM: Doctors are all members of one of the classic
professions. A profession is defined by two qualities:
firstly, it defines its own area of work, and, secondly it
has it own ethics. Medicine has had its own ethical
guidelines since the time of Hippocrates, the basic rule
being that you should not harm your patients-do
good and not bad. However, during the second world
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again, and a number of medical associations decided to
form a world body that would define and promulgate
medical ethics throughout the world, while ensuring
that free medical associations would not let their
members become part of an oppressive state apparatus.
A doctor's first duty is to his or her patients, and he or
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